To examine the outcomes of neonates born by elective repeat cesarean delivery compared with vaginal birth after cesarean (VBAC) in women with one prior cesarean delivery and to evaluate the cost differences between elective repeat cesarean and VBAC.
OBJECTIVE:
To examine the outcomes of neonates born by elective repeat cesarean delivery compared with vaginal birth after cesarean (VBAC) in women with one prior cesarean delivery and to evaluate the cost differences between elective repeat cesarean and VBAC.
METHODS:
We conducted a retrospective cohort study of 672 women with one prior cesarean delivery and a singleton pregnancy at or after 37 weeks of gestation. Women were grouped according to their intention to have an elective repeat cesarean or a VBAC (successful or failed). The primary outcome was neonatal intensive care unit (NICU) admission and measures of respiratory morbidity.
RESULTS:
Neonates born by cesarean delivery had higher NICU admission rates compared with the VBAC group (9.3% compared with 4.9%, P‫)520.؍‬ and higher rates of oxygen supplementation for delivery room resuscitation (41.5% compared with 23.2%, P<.01) and after NICU admission (5.8% compared with 2.4%, P<.028). Neonates born by VBAC required the least delivery room resuscitation with oxygen, whereas neonates delivered after failed VBAC required the greatest degree of delivery room resuscitation. The costs of elective repeat cesarean were significantly greater than VBAC. However, failed VBAC accounted for the most expensive total birth experience (delivery and NICU use).
CONCLUSION:
In comparison with vaginal birth after cesarean, neonates born after elective repeat cesarean delivery have significantly higher rates of respiratory morbidity and NICU-admission and longer length of hospital stay. (Obstet Gynecol 2009; 113:1231-8) LEVEL OF EVIDENCE: II I n 2006, the United States cesarean delivery rate of 31.1% was at an all-time high, making cesarean delivery the most common surgical procedure performed in American women. 1, 2 This high rate of cesarean delivery is attributed to the rise in primary cesarean delivery rates from 14.6% in 1996 to 20.3% in 2005, an increase of 60%. 2, 3 With the rates of vaginal births after cesarean delivery (VBAC) at an all-time low of 7.9% in 2005, women who have a primary cesarean delivery have a greater than 90% chance of having a repeat cesarean delivery, only serving to increase the overall cesarean delivery rate. 2 Almost one half of cesarean deliveries, a rate of 15%, are done electively, before the onset of labor.
Controversy remains on whether a trial of labor or an elective repeat cesarean delivery is preferable for a woman with a history of cesarean delivery. Historically, concerns regarding the increased risk of uterine rupture and perinatal asphyxia in trial of labor after cesarean compared with planned repeat cesarean have swayed obstetricians away from recommending a trial of labor after cesarean delivery; however, the absolute risk of perinatal asphyxia remains small. 4, 5 By far, the most frequent complication for the newborn after cesarean delivery is respiratory morbidity; therefore, to avoid iatrogenic prematurity, most obstetricians will not time the elective delivery of an neonate before 39 weeks of gestation without documentation of amniocentesis indicating fetal lung maturity.
lacked large enough patient numbers to confidently estimate the costs of the rare complications from each type of delivery, therefore demonstrating a clear need for further investigation into the costs of elective cesarean delivery. 7, 8 The aims of this study were to examine select neonatal outcomes of neonates born by elective repeat cesarean delivery and VBAC in women presenting for a subsequent delivery after one previous cesarean delivery, and to describe the cost differences between elective repeat cesarean delivery and VBAC delivery. We hypothesized that neonates born by elective repeat cesarean delivery would have greater respiratory morbidity resulting in admission to the NICU, which would propel hospital costs to increase.
PATIENTS AND METHODS
We performed a retrospective cohort study using records from the Perinatal Database of the Department of Obstetrics and Gynecology at the University of Colorado Denver for the period between October 1, 2005, and July 1, 2008. The study was approved by the Colorado Multiple Institutional Review Board. During the study period, 8,211 deliveries were recorded in the database. From this data set, we identified women of any parity with a history of one prior cesarean delivery who were pregnant with a singleton 37 weeks or more gestation without congenital anomalies (nϭ672). In this cohort, 343 (51.0%) planned an elective repeat cesarean delivery, and were considered the "intended cesarean group," and 329 (49.0%) planned a trial of labor, and were called the "intended VBAC group." The intended cesarean delivery group consisted of women who had a planned elective repeat cesarean delivery without labor (group 1) or a planned elective repeat cesarean delivery after onset of labor (group 2). The intended VBAC group included women who had successful vaginal birth after cesarean delivery (group 3), and a failed VBAC requiring emergent cesarean delivery (group 4). Medical record review was conducted to confirm correct classification of the category of delivery. Labor was defined as subjectively painful contractions more frequent than every 10 minutes, with the obstetrician's documentation of cervical change or the words "active labor" in the chart.
The primary outcome was admission to the NICU, defined as any length of time spent in the NICU after delivery, and included neonates who transitioned for a period of time due to a clinical assessment of respiratory distress. Maternal demographic characteristics analyzed as possible confounders were mother's age, parity, race or ethnicity (nonHispanic white, Hispanic, African American, and other), and maternal education (high school level or less, university level or more). Maternal medical characteristics included body mass index (BMI) calculated using prepregnancy weight and height, history of a successful VBAC, chronic medical disease (autoimmune disease, chronic hypertension, or preexisting diabetes), and diabetes during pregnancy (both preexisting and gestational diabetes). Pregnancy characteristics included evidence of macrosomia (neonate more than 90% weight for gestational age), attempt at amniocentesis for fetal lung maturity, induction of labor, nonreassuring fetal heart tones, and finally, chorioamnionitis (documented by the obstetrician and defined as maternal fever plus one of the following: fundal tenderness, purulent discharge, and maternal tachycardia). Characteristics regarding the neonate included gestational age (based on last menstrual period or ultrasonography), sex, and birth weight. Neonatal outcomes included any oxygen use during delivery room resuscitation, highest level of delivery room resuscitation required (routine resuscitation only, blow-by oxygen, mask continuous positive airway pressure, bag or mask ventilation, or endotracheal intubation), neonate disposition (well baby nursery compared with NICU), endotracheal intubation outside the delivery room, hypoglycemia requiring NICU stay, respiratory distress requiring NICU stay (need for oxygen or other ventilatory support), and type of ventilatory support needed in NICU (conventional mechanical ventilation, oxygen hood, nasal cannula, or continuous positive airway pressure).
We obtained facility and physician charges for both mothers and their neonates by searching the medical invoices in the patient medical account for the hospital days during which the delivery occurred. We were unable to get charges for delivery complications that required readmission to the hospital. Facility charges included those for any supplies or facility employees (including nursing staff) needed to care for the patient, and physician charges included the time and services of the medical provider.
Because charges do not necessarily reflect the actual cost of resources used to provide hospital services and are often an artifact of accounting methods or of cross-subsidization among various hospital services, we used costs as our measure of resource use in this study. Costs were calculated using the University of Colorado hospital-wide cost-to-charge ratio of 27.79% for the births occurring before June 30, 2006, and 28.14% for births occurring afterward. These hospital-wide cost-to-charge ratios were lower than the actual cost-to-charge ratios for services on labor and delivery (38.38% and 31.35%) but higher than those for the NICU (23.72% and 20.92%) for the same time periods, respectively. Because we did not have more detailed lists of itemized charges, we used the hospital-wide cost-to-charge ratio.
To report all amounts in 2008 dollars, costs were adjusted yearly for inflation, and were also discounted at three percent annually. 9 We adjusted for inflation using the yearly Consumer Price Index for the years 2005 to 2008 for medical care in the Denver-BoulderGreeley statistical area. 10 The total amount for the birth, including delivery and NICU use fees, was calculated by summing the totals of the physician and facility costs for the mothers and their neonates.
Based on preliminary analysis with a sample size of 695, we calculated a 90% power to detect a fourfold difference in NICU admission rates between the intended cesarean delivery group (10%), and the intended VBAC group (2.5%), based on a level of significance at ␣ϭ0.05.
The data were analyzed using SAS 9.2 (SAS Institute Inc., Cary, NC). Differences between categorical and continuous variables were tested using the 2 and Kruskal-Wallis tests, respectively. Multivariable logistic regression was used to estimate the odds ratio of NICU admission for the three study groups compared with successful VBAC, adjusting for the covariates selected based on significant differences seen in univariable analysis or after consideration from past clinical evidence.
RESULTS
The overall cesarean delivery rate for the University of Colorado Hospital during the time period studied was 24.6%, with a primary cesarean delivery rate of 15.5%. Table 1 shows the general characteristics of the four study groups. Of the 672 women included in the study, 51% (nϭ343) were in the intended elective repeat cesarean delivery, and 49% (nϭ329) were the intended VBAC group. Of the total study population, 35.6% had a planned elective repeat cesarean delivery without labor (nϭ239), 15.5% had an elective repeat cesarean delivery after onset of labor (nϭ104), 36.3% had a successful VBAC (nϭ244), and 12.6% had a failed VBAC requiring emergent cesarean delivery (nϭ85). We found that older women and mothers with university or postgraduate education tended to have elective repeat cesarean delivery without labor. Women with successful VBAC deliveries had the greatest parity and the highest rates of prior VBAC compared with the other three groups. Significantly higher rates of chorioamnionitis and nonreassuring fetal heart tones were seen in the failed VBAC group than in the other three groups. More amniocenteses were done in women who underwent elective repeat cesarean delivery without labor (9.2%), as compared with those women who had successful VBAC (0.8%, PϽ.001). No differences were seen in regard to race or ethnicity, or rates of diabetes or macrosomia among the four delivery groups. Table 2 documents the differences seen in the neonates born in the intended elective repeat cesarean delivery and intended VBAC groups. No differences were seen in the distribution of male neonates or birth weight between groups. For the primary outcome, admission to the NICU, the incidence was 7.1% (nϭ48) in the full cohort of neonates, which included 9.3% of neonates born by intended elective repeat cesarean delivery and 4.9% of neonates born by intended VBAC (Pϭ.025). Our results show that significantly greater numbers of neonates in the intended cesarean group required blow-by oxygen and continuous positive airway pressure in the delivery room, ongoing oxygen supplementation once admitted to the NICU, and higher rates of admission for hypoglycemia. Notably, a larger number of neonates born in the intended VBAC group required bag mask ventilation (3.3%) and endotracheal intubation (2.4%) in the delivery room than neonates born in the intended cesarean group (2.3% and 0.6%, respectively, PϽ.001).
As shown in Table 3 , rates of NICU admission were similar in elective repeat cesarean delivery with or without labor. Neonates born due to emergent cesarean delivery after failed VBAC had NICU admission rates comparable to the elective repeat cesarean delivery group, whereas neonates born after successful VBAC had the lowest rate of NICU admission. Neonates born in either intended cesarean delivery group experienced significantly higher rates of oxygen need and continuous positive airway pressure use in the delivery room than the successful VBAC group. However, neonates born by failed VBAC required the most significant measures of delivery room resuscitation, including bag or mask ventilation and endotracheal intubation, than did the other three groups. Neonates born by successful VBAC required the least amount of delivery room resuscitation, whereas neonates born by failed VBAC had rates of oxygen supplementation similar to neonates born by cesarean delivery.
The multivariable logistic regression analysis (Table 4) shows that after adjustment for other covariates (maternal education level, chronic medical disease, amniocentesis performed for fetal lung maturity, chorioamnionitis, nonreassuring fetal heart tones, and gestational age in weeks) and compared with neonates born by successful VBAC, neonates born by elective repeat cesarean delivery without labor continued to demonstrate significantly higher odds of admission to the NICU.
After the finding that the neonates born by successful VBAC had the least amount of respiratory morbidity requiring NICU admission and respiratory support, and the neonates born by failed VBAC required the greatest amount of resuscitation and respiratory support, we therefore performed a subanalysis to identify predictors of failed VBAC. After adjusting for maternal age, maternal race, BMI, parity, chorioamnionitis, nonreassuring fetal heart tones, induction of labor, and history of prior VBAC, significant covariates for failed VBAC were chorioamnionitis (adjusted odds ratio Given the American College of Obstetrics and Gynecology recommendations that neonates 39 weeks or younger not be delivered by elective repeat cesarean delivery due to complications from iatrogenic prematurity and respiratory distress, we stratified neonatal outcomes by gestational age ( Table 5 ). The 37-week group had the highest rates of oxygen need in the delivery room (38.8%, Pϭ.003), and admissions to the NICU (10.0%, Pϭ.018), despite also having a greater number of amniocenteses for fetal lung maturity performed (25.0%, PϽ.001) than the older neonates. A greater proportion of the 37-week neonates required the support of continuous positive airway pressure (3.8%) or supplemental oxygen (2.6%) in the NICU than the older neonates, although this did not reach statistical significance.
The differences in length of hospital stay for mothers and neonates and hospital costs are shown in Table 6 and Table 7 . For both mothers and neonates, successful VBAC was associated with the shortest length of hospital stay (median 4 days), compared with the other three groups (median 3 days). Overall, intended cesarean delivery was significantly more expensive than intended vaginal delivery for both mothers and their neonates. Both elective cesarean delivery with or without labor accrued higher costs compared with successful VBAC delivery. However, facility, physician, and total costs due to failed VBAC delivery significantly exceeded those of the other three groups (PϽ.001) for both mothers and their neonates, except for neonate physician fees. Indeed, when determining the overall costs for the total birth (including delivery and NICU use) presented as median followed by 5% to 95%, the failed VBAC group was the most expensive ($9,388, 6,631 to 16,275), followed by elective cesarean delivery with labor ($8,331, 5,995 to 11,310), elective cesarean delivery without labor ($8,239, 6,212 to 13,968), with successful VBAC being the least expensive ($5,853, 3,793 to 10,333). Despite the greatest costs being seen in the failed VBAC group, the intended elective repeat cesarean delivery group still accrued significantly higher facility, physician, and total costs than the intended VBAC group.
DISCUSSION
Our study demonstrates that neonates born by intended elective repeat cesarean delivery, with or without labor, have increased rates of admission to the NICU compared with the intended VBAC group. First, we found that those neonates born by intended cesarean delivery were more prone to NICU admission for hypoglycemia than neonates in the intended VBAC group. In addition, our results show that more neonates born by intended elective repeat cesarean delivery required higher rates of oxygen supplementation and ventilatory support in the NICU, compared with neonates born in the intended VBAC group. These findings are consistent with multiple studies documenting respiratory morbidity in neonates born after elective repeat cesarean delivery, particularly with an increase in respiratory distress syndrome, transient tachypnea of the newborn, persistent pulmonary hypertension, and need for supplemental oxygen. 3, 11 Respiratory morbidity as a result of failure to clear fetal lung fluid is common and can be challenging for neonates delivered by elective repeat cesarean delivery without being exposed to labor. We hypothesize that the catecholamine surge that occurs during labor likely plays an important role in both clearance of fetal lung fluid and glycemic control after birth. While the common perception is that condi- The differences seen between the intended elective repeat cesarean delivery and VBAC groups take on greater significance when one notes that the intended VBAC group includes neonates born after failed VBAC delivery, who required the greatest measures of resuscitation due to fetal distress, characterized by nonreassuring fetal heart tones and meconium-stained amniotic fluid. At the other extreme, neonates born after successful VBAC had the lowest rates of admission to the NICU, shortest hospital stay, and the lowest incidence of ongoing respiratory support. Further investigation of the ability to select those women with the greatest potential for success with a trial of labor will enable a woman and her neonate to enjoy the best possible outcomes and avoid the worst outcomes. A nomogram recently published for prediction of successful VBAC includes maternal factors, including age, BMI, maternal race, any prior vaginal delivery, any prior VBAC, and recurring indication for cesarean delivery. 13 Our multivariable analyses suggest that risk factors during delivery, including chorioamnionitis and induction of labor, are associated with VBAC failure, and that older maternal age and lower parity were also predictive of VBAC failure.
Our results regarding the differential costs of delivery and NICU use among the four study groups lends support to the notion of improving the selection of women to successfully undergo a trial of labor. Indeed, the costs for the total birth (including delivery fees for the mother and NICU use fees for the neonate) for neonates born by successful VBAC delivery were the lowest of all four groups. Although our study adds to the currently sparse information about costs of elective repeat cesarean delivery compared with trial of labor, we were not able to perform further postpartum follow-up of the mothers to determine the additional costs accrued by postsurgical complications. Larger multicenter databases might allow for better ascertainment of the incidence of rarer maternal and neonatal outcomes and their effects on cost. Moreover, we did not have the data to allow us to estimate costs other than those for hospital care. For instance, we were unable to measure patient and family costs such as the cost of parking or meals, or societal costs such as productivity loss, which might differ among the treatment conditions. 8 Clearly, rates of respiratory morbidity were lower after onset of labor and with increasing gestational age. 11, 14, 15 Indeed, several studies note that the incidence of respiratory distress is significantly greater in those neonates less than 39 weeks gestation 11,14 -16 ; therefore, accurate dating of the mother's pregnancy before a decision regarding elective repeat cesarean delivery is necessary. Our findings suggest strict adherence to the American College of Obstetrics and Gynecology guidelines that neonates less than 39 weeks gestation not be delivered by elective repeat cesarean delivery. Interestingly, although the overall rates of amniocenteses were low, the greatest number of amniocenteses for fetal lung maturity were performed in those neonates who had an elective repeat cesarean delivery without labor. Still, these neonates continued to have high rates of respiratory morbidity and NICU admission, indicating that surfactant deficiency may not be the sole cause of respiratory distress seen after elective cesarean delivery. 3 In addition, although fetal lung maturity is thought to be a surrogate for physiologic maturation, several recent studies have called for a shift in thinking of "term" neonates as being 37 weeks and greater, and that perhaps those neonates between 37 0/7 weeks and 38 6/7 weeks be called "early term" to identify their immaturity relative to those neonates at 39 weeks or greater. 17 Women would not have been considered for this study if they had not undergone a primary cesarean delivery in the first place. Given the increasing rates of primary cesarean delivery and the concomitant decrease in VBACs, once a woman has had a primary cesarean delivery, we must consider the risks that this places on her subsequent deliveries and subsequent neonates. Indeed, this argues for greater selectivity in performing a cesarean delivery in the first place, and certainly a greater need for counseling before a primary elective cesarean delivery. As investigators continue to search for ways to make cesarean delivery safer, we may be better served by exploring other means for reducing overall cesarean delivery rates and recognizing our own preoccupation with the individual that will be our patient, whether it be mother or neonate.
